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Background: Cigarette smoking is the most consistently
reported risk factor for pancreas cancer, yvet the dose-
response relationship in many pancreas cancer studies is
weak. Because of the poor prognosis for pancreas cancer,
many case—control studies have been based largely on inter-
views with proxy respondents, who are known to report less
reliable information on detailed smoking habits than
original subjects. Purpose: Our purpose was to evaluate
cigarette smoking as a risk factor for pancreas cancer based
on data obtained only from direct interviews and to estimate
the effects of quitting smoking and of switching from nonfil-
tered to filtered cigarettes on risk. Our objective also was to
estimate the contribution of cigarette smoking toward ex-
plaining the higher pancreas cancer incidence experienced
by black Americans compared with white Americans.
Methods: A population-based, case—contro] study of pan-
creas cancer was conducted during 1986-1989 in Atlanta,
Ga., Detroit, Mich., and 10 counties in New Jersey. Direct
interviews were successfully completed with 526 case
patients and 2153 control subjects aged 30-79 vears, making
this the largest population-based, case—control study of

pancreas cancer to date based only on direct interviews.

Results: Cigarette smokers had a significant, 70% increased
risk of pancreas cancer compared with the risk in non-
smokers. A significant, positive trend in risk with increasing
duration smoked was apparent (P<.0001), with long-term
(=40 years) smokers experiencing a modest 2.1-fold risk. We
also observed a negative trend in risk with increasing vears
quit smoking. Smokers who quit for more than 10 vears ex-
perienced about a 30% reduction in risk relative to current
smokers; quitters of 10 years or less experienced no risk
reduction. Switching from nonfiltered to filtered cigarettes
did not appear to decrease risk. Compared with non-
smokers, subjects who smoked only filtered cigarettes had a
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50% elevated risk and those who smoked only nonfiltered
cigarettes had a 40% elevated risk. The proportion of
pancreas cancer attributable to cigarette smoking was-29%
in blacks and 26 % in whites. Conclusions: The relationship
between cigarette smoking and pancreas cancer risk is likely
to be causal, despite the weakness of the dose-response data.
Long-term smoking cessation clearly reduces risk, whereas
switching from nonfiltered to filtered cigarettes may not be
beneficial. Cigarette smoking appears to explain little of the
excess pancreas cancer risk experienced by blacks. Implica-
tions: Elimination of cigarette smoking would eventually
prevent approximately 27% of pancreas cancer, saving 6750
lives in the United States annually. [J Natl Cancer Inst
86:1510-1516, 1994]

Cancer of the pancreas is the fifth leading cause of death from
cancer in the United States. with 25 000 deaths from pancreas
cancer expected to have occurred in 1993 (7). The incidence of
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pancreas cancer in the United States is about 50% higher in
blacks than in whites (2). The etiology of pancreas cancer is
poorly understood. Cigarette smoking 1s the most consistently
reported risk factor (3). vet the dose-response relationship in

anyv studies of pancreas cancer is weak (4-78). Because of
e unfavorable survival associated with this disease. many
case—control studies have been based largely on interviews
with proxv respondents (/0.J/./3.15-20). who are known to
report less reliable information on detailed smoking habits
than original subjects. The effect that misciassification of
smoking habits by proxy respondents has on quantifying the
dose-response relationship is unclear. Most large case—con-
trol studies have included too few direct interviews to com-

«e the dose-response relationship based on proxv and
_irect respondents.

The present study is the largest population-based. case—con-
trol study of pancreas cancer to include only direct interviews.
Our purpose was to examine cigarette smoking as a risk factor
for pancreas cancer. We quantified the dose—response relation-
ship and estimated the effects of quitting smoking and of
switching from nonfiltered to filtered cigarettes on risk of

-veloping pancreas cancer. We also estimated the extent to

iich cigarette smoking may explain the excess risk of pancreas
cancer experienced by blacks.

Subjects and Methods

We conducled a population-based. case—contro! study of malignancies (i.e..
pancreas. esophagus, and prostate cancers and multiple myeloma) that occur ex-
vessively in blacks. One general population control group provided controls for

four cancer types.

The case series in this analysis consisted of all cases of carcinoma of the
pancreas (International Classification of Diseases for Oncologyl code = 157) first
diagnosed from August 1986 through April 1989 among residents aged 30-79
vears from three geographic areas. i.e.. Atlanta. Ga. (DeKalb and Fulton coun-
ties). Detroit. Mich. (Macomb, Oakland. and Wayne counties), and the state of
New Jersev (10 counties). All cases of pancreas cancer. regardless of the
presence of tissue confirmation, were initially included to ensure both the
population-based nature of the case series and completeness of case ascertain-
nent. Because about 15% of the cases lacked tissue confirmation. in-depth medi-

chart reviews were conducted by a physician—epidemiologist and a surgeon

ializing in pancreas cancer to determine the accuracy of diagnosis. Patients
were considered “unlikely’ to have pancreas cancer if they did not satisfy one of
the following criteria: 1) A pancreatic mass was known by radiographic
visualization or surgery, with a compatible histologic diagnosis: 2) a pancreatic
mass was known by surgery and, although a biopsy specimen was not obtained.
1t cleariy appeared to be malignant due to either visible hepatic metastases or
local extension; or 3) a pancreatic mass was known by radiographic visualiza-
tion. although a biopsy specimen was not obtained. and there were supporting
clinical signs. symptoms, and course {e.g.. rapid death), Overall, only 5.5% of
1 identified case patients were considered unlikely to have had pancreas cancer

were excluded from all analyses.

We identified 1153 case patients and interviewed 526 (46%) of them. The
Primary reason for no response was death because of the poor prognosis of
patients diagnosed with this tumor. Four hundred seventy-one case patients had
died before the interview could be conducted, despite the emphasis on identify-
ing and interviewing case patients within 6 weeks of diagnosis. The median
length of time from diagnosis to interview was 7 weeks. The remaining 156 case
patients were not interviewed because of illness (n = &9). physician or patient
refusal (n = 51). or language or other problems (n = 16).

The control series was randomly selected from the general population; the

ol subjects were frequency matched 1o the area—age-race—sex distribution
“tents with all four types of cancer combined. The age maiching was done
within 5-year age groups. Control subjects aged 30-64 vears were selected from
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17 746 households by random-digit dialing (2/). Eighty-six percent of these
households provided a household census that served as the basis for a sampling
frame for selection of vounger contro! subjects. Of the 1568 control subjects
selected from these households. we interviewed 1227 (78% ). The remaining 341
control subjects were not interviewed because of death (n = §). iliness (n = 23).
refusal to participate (n = 258). or language or other problems (n = 55).

Contro] subjects aged 65-79 vears were drawn by stratified random sampling
from the rosters of the Health Care Financing Administration (Baltimore. Md.)
of the population older than age 64 vears in each study area. Of the 1232 older
control subjects selected. we interviewed 926 (75%). The remaining 306 older
control subjects were not interviewed because of death (n = 22). illness (n = 63).
refusal to participate (n = 177). or language or other problemns (n = 44).

The numbers of interviewed case patients and control subjects by geographic
area and race were as follows: Atlanta whites. 38 case patients and 257 contro!
subjects: Atlanta blacks. 42 case patients and 196 control subjects: Detroit
whites. 118 case patients and 449 control subjects: Detroit blacks. 72 case
patients and 420 control subjects: ew Jersey whites, 157 case patients and 473
contro] subjects: and New Jersey blacks. 65 case patients and 351 control sub-
jects.

Subjects were usually interviewed at home by interviewers who were not in-
formed of either the case or control status of the subject or the hypotheses under
study. Prior to interview. written informed consent to participate in the study
was obtained from each subject. The questionnaire was designed to elicit
detailed information on smoking habits. alcohol consumption. coffee and tea
drinking. dietary factors. medical conditions. usual occupation. family history of
cancer. and socioeconomic status.

Cigarette smokers were defined as subjects who reported smoking at Jeast
one cigarette per dayv for 6 months or longer. They were asked detailed questions
about their smoking habits. including age at which they started and stopped
smoking. number of vears and usual amount smoked. and depth of inhalation.
These data were also collected separately for smokers of filtered and nonfiliered
cigarettes.

The effects of smoking habits on pancreas cancer risk were quantified by the
odds ratio (OR). ORs and 95% confidence intervais {Cls) were estimated by un-
conditional logistic regression analysis (22,23). Models included terms for
cigarette smoking. age at diagnosis/interview, race. sex, and study area as well
as terms for potential confounders (i.e., alcohol consumption, gallbladder dis-
ease, and income). Additional adjustments for diabetes mellitus, pancreatitis, al-
lergies. family history of pancreas cancer. and dietary risk factors (i.e., vegetable
and simple/complex carhohydrate consumption) had little or no impact on point
estimates and were not included in the final models. unless otherwise specified.
A number of other suspected risk factors. such as coffee drinking and gastrec-
tomy., were not adjusted for because they were not associated with risk in our
data. To test for trend. we treated the exposure variable as continuous in the
model by entering the median value for each level of the categorical variable
among the control subjects. Population-attributable risks (PARs) were computed
by the method of Whittemore (24) and were adjusted for race. sex. geographic
area, and age. Two-sided 95% Cls for the adjusted PAR were also calculated ac-
cording to the method of Whittemore (24).

Interviewed subjects were excluded from analysis for the following reasons:
presence of pancreas cancer was unlikely (16 case patients), presence of islet
cell carcinoma (10 case patients). no medical record available for review (six
case patients). unsatisfactory interview (one case patient and seven contro! sub-
jects). and missing data (12 case patients and 11 control subjects). The smoking
analysis was based on first-person interviews with 481 likely case patients with a
diagnosis of exocrine pancreas cancer and 2135 population control subjects.

Results

Because of the high mortality and resulting low response rate
in the case patient series, we were concerned about the repre-
sentativeness of the case patient series with regard to exposures
under study. To determine the comparability of those who died
and those who lived long enough to be interviewed, we con-
ducted interviews with next of kin of a sample of case patients
who died; thus, we interviewed next of kin of 210 white and 115
black deceased case patients. The next-of-kin interview was
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limited to broad questions that next-of-kin respondents have
been shown to answer reliably (25). The overall percentage of
case patients who ever smoked cigarettes was similar among
directly interviewed case patients and among that reported by
next of kin (69% and 64%. respectively). which suggests that in-
terviewed case patients were probably representative of the total
case patient series with respect to smoking status.

Effect of Cigarette Smoking Status and Dose on Risk

Cigarette smokers experienced a significant, 70% increased
risk of pancreas cancer compared with nonsmokers (Table 1).
The OR for current smokers was 2.0 (95% CI = 1.5-2.6). in con-
trast to an OR of 1.4 (95% Cl = 1.1-1.9) for those who quit
smoking more than 2 vears prior to interview.

Table 1 shows pancreas cancer risk estimated by three
measures of dose: number of cigarettes smoked per day. dura-
tion smoked, and pack-vears smoked. A significant trend in risk
with increasing dose was apparent for each of these measures.
although the trend was consistent for only duration and pack-
years smoked. The positive trends by duration and pack-years
smoked also were consistent when the data were stratified by
age at diagnosis/interview (i.e.. 50-59 years. 60-69 vears. and
70-79 years). Compared with nonsmokers, subjects who smoked
for at least 40 vears had an OR of 2.1 (95% Cl = 1.6-2.9) and
those who smoked at least 45 pack-years had an OR of 2.2 (95%
CI = 1.6-3.1). Estimates of risk for duration and pack-vears
smoked were almost identical. indicating that duration smoked
captured most of the overall dose effect. Consequently, duration

Table 1. Number of case patients and control subjects and ORs for pancreas
cancer according to various measures of cigarette exposure: base line
is nonsmokers

No. of No. of
Cigaretie smoking status cases controls OR* 95% Cl
Never smoked 149 840 1.0
Ever smoked~ 332 1205 1.7 1.3-2.2
Former smokers 133 626 14 1.1-1.9
Current smokers: 197 668 20 1.5-2.6
Cigarettes smoked per day
<20 99 522 1.3 0.9-1.7
20-39 178 584 2.2 1.7-3.0
240 54 186 1.8 1.2-2.8
P<.0001¢
Duration smoked. ¥
<20 4] 263 1.1 0.7-1.6
20-39 151 550 1.8 1.3-2.4
240 138 449 2.1 1.6-2.9
P<.0001¢
Pack-vearsll smoked
<20 80 446 1.3 0.9-1.7
20-44 131 455 1.9 1.4-2.6
245 118 360 22 1.6-3.1
P<.0001§

*ORs adjusted for age. race, sex. area. income. alcohol consumption. and
gallbladder disease.

+Includes two case patients and one control subject with missing information
on current/former status.

FIncludes former smokers who quit within the immediate 2 vears prior 1o in-
terview.

§P value for test of linear trend.

lIPack-years = usua! packs smoked per day x duration smoked in vears.
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smoked will be used to express dose effect in all subsequent
tables.

We also estimated risk simultaneously by amount and dura-
tion smoked (data not shown). Within each level of amount
smoked. a consistent trend in risk with increasing duration was
apparent. In contrast. the trend in risk with increasing amount
smoked was consistent only among long-duration smokers.
Among subjects who smoked at least 40 vears, ORs (relative to
nonsmokers) by amount smoked were 1.4 (95% CI = 0.9-2.2)
for fewer than 20 cigarettes smoked per day. 2.5 (95% CI = 1.7-
3.5) for 20-39 cigarettes smoked per day. and 3.4 (95% CI =
2.0-5.8) for 40 or more cigarettes smoked per day.

Effect of Smoking by Sex and Race on Risk

The effect of smoking by sex and by race is presented in
Table 2. Men experience a 50% higher incidence of pancreas
cancer than women (2). Although both men and women ex-
perienced increased risk with increasing duration smoked,
women had higher estimates of relative risk than men. among
smokers of 20-39 vears and 40 or more years. The interaction
between sex and duration smoked was statistically significant (P
= .03). Cigarette smoking accounted for 26% (95% CI = 12%-
48%) of pancreas cancer in men and 29% (95% Cl = 18%-42%)
of pancreas cancer in women. Although a higher proportion of
men than women “ever” smoked cigarettes (69% and 46%.
respectively). smoking did not explain the higher risk of pan-
creas cancer in men.

Table 2. Number of case patients and control subjects and ORs for pancreas
cancer according to duration smoked cigarettes by sex and race: base line is
nonsmokers

Years smoked

Study subjects 0 <20 20-39 240 P for trend
Sex
Men
No. of cases 53 28 88 75
No. of controls 418 174 399 337
OR* % 1.0 1.4 1.6 1.7 009
95% C1 0.8-2.3 1.1-2.4 P27
Women
No. of cases 96 13 63 63
No. of controls 422 89 151 112
OR* % 1.0 0.7 2.0 2.8 <.0001
95% Cl1 0.2-1.3 1.3-3.0 1.8-43
Race
White
No. of cases 90 29 110 77
No. of controls 450 177 321 205
OR§ 1.0 1.1 22 2.3 <.0001
95% CI 0.7-1.8 1.5-3.1 1.5-3.4
Black
No. of cases 59 12 41 61
No. of controls 390 86 229 244
OR$ 1.0 1.1 1.3 22 003
95% Cl 0.5-2.4 0.8-2.1 1.3-3.5

*ORs adjusted for age. race. area. alcohol consumption. and gallbladder dis-
case.

+ORs also adjusted for income.

£ORs also adjusted for simple carbohydrate consumption.

8ORs adjusted for age. sex. area, income. alcohol consumption, and gallblad-
der disease.
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To determine whether a part of the excess in pancreas cancer
risk experienced by blacks might be attributable to smoking. we
examined risk by race. Relative risk estimates for blacks and
~hites were almost identical at each level of duration smoked,

cept for the 20- to 39-year category. where the risk for whites

as higher than that for blacks (OR = 2.2 and 1.3, respectively).
The prevalence of ever smokers among blacks and whites was
also similar. The proportion of black and white population con-
trol subjects who had ever smoked was 0.60 and 0.62. respec-
tively, and the proportion of black and white control subjects
who smoked for 20 vears or more was 0.50 and 0.46, respective-
)y. The proportion of pancreas cancer attributable to cigarette
-moking was 27% (95% Cl = 17%-40%) in the total study

oup. 29% (95% CI = 15%-49%) in blacks, and 26% (95% Cl
= 14%-43%) in whites, suggesting that cigarette smoking ex-
plains little of the excess in pancreas cancer risk experienced by
blacks.

Effect of Smoking Cessation on Risk

Table 3 shows the effect of time since quitting smoking on

ncreas cancer risk. Because amount smoked did not confound
e relationship between risk and years quit. amount smoked
was not included in the model and estimates of risk were rela-
tive to risk among nonsmokers. Risk was particularly high for
those who quit within 2 years prior to diagnosis, suggesting that
some case patients may have had early symptoms that caused
them to stop smoking. For this reason, former smokers who quit
within 2 years of diagnosis were included with current smokers
roughout these analyses.

Subjects who stopped smoking more than 10 years before the
diagnosis/interview experienced about a 30% reduction in risk
relative to current smokers. Cessation of smoking for 10 years
or less did not appear to reduce risk. It was not possible to deter-
mine if the beneficial effect of long time since quitting was at-
tributable to shorter total duration smoked: years quit and
duration were highly correlated (r = .6), and the effects of these
* o factors could not be separated while simultaneously adjust-

for age at diagnosis/interview (26).

smokers who quit for more than 20 years experienced a 30%
higher risk of pancreas cancer than nonsmokers. Because there
were too few former smokers who quit for more than 30 years to
estimate risk, we could not determine whether risk eventually
drops to the level of nonsmokers.

Table 3. Number of case patients and control subjects and ORs for pancreas
cancer according to time since quitting smoking; base line is nonsmokers

Vears since quitting No. of cases No. of controls OR*  95% CI
Nonsmoker 149 840 1.0
0 (current smokers) 158 590 1.8 1.4-2.4
1-2 39 78 3l 2.0-5.0
3-5 21 69 2.0 1.1-3.5
6-10 30 118 18 1.1-2.9
1120 34 190 12 0.8-1.9
i 48 249 1.3 0.8-1.9

Rs adjusted for age. race, sex, area, income, alcohol consumption. and
#alinladder disease.
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Effect of Cigarette Filtration on Risk

We examined the risk associated with use of filtered and non-
filtered cigarettes. Relative to nonsmokers, the OR for subjects
who exclusively smoked filtered cigarettes (OR = 1.5: 95% ClI =
1.1-2.1) was almost identical to that for those who exclusively
smoked nonfiltered cigarettes (OR = 1.4; 95% Cl = 1.0-2.1).
Subjects who switched from nonfiltered to filtered cigarettes ex-
perienced a greater risk (OR = 1.9: 95% CI = 1.4-2.6) than those
who smoked only one type of cigarette. Subjects who switched,
however. tended to have longer total durations smoked.

Table 4 shows ORs estimated by duration of use of both fil-
tered and nonfiltered cigarettes among current smokers only.
Within each level of duration. the effect of smoking filtered
cigarettes appeared to be similar to that of smoking nonfiltered
cigarettes. Risk from smoking each type of cigarette tended to
increase with increasing duration of smoking that type of
cigarette, holding duration of the other type constant.

Effect of Inhalation of Cigarette Smoke on Risk

We also estimated risk by depth of inhalation of filtered and
nonfiltered cigarettes. For smokers of filtered cigarettes. ORs
were 1.0 for inhalation into the mouth only (base line), 0.7 (95%
CI = 0.5-1.2) for inhalation into the mouth and throat, and 1.1
(95% CI = 0.7-1.7) for inhalation into the chest. For smokers of
nonfiltered cigarettes, ORs were 1.0 for inhalation into the
mouth only (base line), 0.9 (95% Cl = 0.5-1.5) for inhalation
into the mouth and throat, and 1.3 (95% CI = 0.8-2.1) for inhala-
tion into the chest. Reported depth of inhalation of both filtered
and nonfiltered cigarettes did not appear to be related to
pancreas cancer risk.

Time Period of Exposure

It has been suggested that the weakness of the dose—-response
relationship seen in many epidemiologic studies of cigarette
smoking and pancreas cancer may be related to the focus on
lifetime smoking habits when the only relevant time period of
exposure may be smoking within 10-15 years of diagnosis/inter-
view (20). To test this hypothesis. we estimated risk by total
duration smoked, cross-classified by duration smoked within 10
years of diagnosis/interview (Table 5). Within each level of total
duration. risk tended to increase with increasing duration
smoked within 10 years of diagnosis/interview. but this trend
was not consistent. In fact, for subjects who smoked a total of 40
years or more, duration smoked within 10 years of diagnosis/in-
terview seemed only weakly related to risk. When both total
duration and duration smoked within 10 years of diagnosis/in-
terview were included in the model, ORs for duration smoked
within 10 vears of diagnosis/interview were 1.0 for O years (base
line), 1.1 (95% C1 = 0.6-1.9) for less than 5 years. 1.2 (95% Cl =
0.6-2.2) for 5-7 years, and 1.2 (95% Cl = 0.8-1.9) for 8-10
years. These estimates reflected a small increment in risk con-
tributed by duration smoked within 10 years of diagnosis/
interview after the effect of total duration was taken into ac-
count.

On the other hand, for each level of duration smoked within
10 years of diagnosis/interview, risk generally increased with in-
creasing total duration smoked. Subjects who stopped smoking
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Table 4. ORs for pancreas cancer according to duration of use

of filtered and nonfiltered cigarettes among current smokers only

Duration of use of nonfiltered cigarettes

Duration of use of filiered cigarettes None 1-10y 11-20 v >20
None
OR (95% CI) — 1.7 (0.5-3.60 2.5(0.7-8.5) 2.5¢09-7.1
No. of cases/No. of controls — 11/60 9/45 48/210
1-10)
OR (95% CI) 1.0% (—) 1.7 (0.5-6.5) 0.5 (0.1-3.2} 2.4(0.8-7.9;
No. of cases/No. of controls 6/43 6/44 2/36 13/59
11-20
OR (95% Cli 2.0(0.6-64; 2.4 (0.8-75i 4.8(1.6-14.5) 40(1.3-12.2)
No. of cases/No. of controls 12/63 12/66 22/48 19/61
>20y
OR (95% CI) 2.7(1.0-74) 3.5(1.3-9.5) 35¢1.2-10.2 2.9(0.8-10.2)
No. of cases/ No. of controls 51/182 58/168 30/95 8/30

*Base-line category is 1-10 vears of filtered cigarette use. never smoked nonfiltered cigarettes. ORs adjusted for age. race. sex. area. income. alcohol consumption.

and gallbladder disease.

Table 5. ORs for pancreas cancer according to total duration of cigarette smoking and duration of smoking within 10 vears of diagnosis/interview
among cigarette smokers only

Duration smoked within 10 v prior to diagnosis/interview

Total duration 0vF <5y 5-7y 8-10y
<20y
OR (95% CD 1.0% (—) 0.7(0.1-3.4) NEz 1.7(0.7-4.4)
No. of cases/No. of controls 31/200 2/19 /11 8/33
20-39 vy
OR (95% CI) 1.5(0.9-2.7) 1.5¢0.7-3.3) 2.5(1.0-6.2) 1.9(1.1-3.2)
No. of cases/No. of controls 44/191 14/62 10/27 83/270
240y
OR (95% CI) 1.7 (0.7-4.6) 2.4(1.1-55) 1.9(0.8-4.5) 2.2(1.4-3.6)
No. of cases/No. of controls 7/35 13/38 11/34 1077342

*Subjects who stopped smoking more than 10 vears before diagnosis/interview

had O years" duration within 10 years prior to diagnosis/interview.

YBase-line category is <20 years’ total duration and O years’ duration within 10 years prior to diagnosis/interview. ORs adjusted for age, race, sex. area. income. al-

cohol consumption. and gallbladder disease.

$OR could not be estimated because of small numbers (0 case parients and 11 control subjects).

more than 10 years prior to diagnosis/interview and. thus, had
“0” duration smoked within 10 years of diagnosis/interview ex-
perienced a 50%-70% increased risk with increasing total dura-
tion. ORs for total duration smoked when duration smoked
within 10 years of diagnosis/interview was included in the
model were 1.0 for less than 20 years (base line). 1.6 (95% Cl =
1.0-2.4) for 20-39 years, and 1.8 (95% Cl = 1.1-3.2) for 40 or
more years. These estimates represented the effect of duration
smoked more than 10 years prior to diagnosis/interview. Thus.
although duration smoked within 10 vears of diagnosis/inter-
view appeared to contribute independently to risk. it was not the
only determinant of risk: duration smoked more than 10 years
prior to diagnosis/interview contributed to risk as well.

Discussion

Cigarette smoking has been associated with increased risk of
pancreas cancer in at least 29 epidemiologic studies
(3,10,11,13,15-20,27-31). The dose-response relationship ob-
served in these studies, however, was frequently weak.
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Our results also indicate that cigarette smoking is associated
with increased risk of pancreas cancer. The overall OR was 1.7
(95% CI = 1.3-2.2), with risk reaching 2.1 (95% Cl = 1.6-2.9;
for subjects who smoked for at least 40 years. Although the
positive trends in risk with duration and pack-vears smoked
were both statistically significant and consistent, the relatively
small excess risk experienced by long-duration smokers may
suggest that cigarette smoke either is a weak to moderate
pancreatic carcinogen or is not causally related to risk.

Alternatively, biased recall of smoking habits by critically ill
case patients may have resulted in dilution of estimates of smok-
ing risk, just as misclassification of smoking habits may have
weakened the dose-response relationship reported in studies
based largely on proxy respondents (/0.71,13,15,16.18). In a
methodologic study, however, Lyon et al. (32) found that the
dose-response relationship was only minimally attenuated when
ORs were based on proxy data. Results of cohort studies (4-
6,33,34), which are not susceptible to differential recall bias,
suggested that the dose—response relationship was fairly weak,
supporting the hypothesis that either cigarette smoking is not a
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strong risk factor or the relationship is noncausal. The latter
seems unlikely. however. because the association with cigarette
smoking has been consistently observed in almost all studies of
pancreas cancer. regardless of study design. study population. or

ne period of study. Cessation of smoking appeared to reduce

increas cancer risk, further supporting a causal association. In
addition. pancreatic tumors have been induced experimentally in
rodents by administration of tobacco-specific nitrosamines
(35.36). providing evidence of biologic plausibility.

Howe et al. (20) proposed that the observed weakness in the
dose-response relationship may be related to timing of ex-
posure, where the relevant exposure was cigarette consumption
n the 10- to 15-year period immediately prior to diagnosis/inter-

aw rather than lifetime cigarette consumption. In a case—con-
.ol study of pancreas cancer based largely on proxy respondents
in Toronto. Canada. the dose-response relationship did become
stronger when exposure was restricted to smoking habits in the
15 years immediately preceding diagnosis/interview. Our data
only partly support this hypothesis, however. We found that
duration smoked within 10 years of diagnosis/interview had a
small. independent effect on risk, but it was not the sole deter-

inant of risk. We also found that total duration, including

ration smoked more than 10 vears prior to diagnosis/inter-
view. was an important determinant of risk. One possible ex-
planation for the stronger dose—response relationship reported
by Howe et al. (20) in the recent time period may be that proxy
respondents report recent smoking habits more accurately than
they report usual lifetime habits.

The present study is the first to examine the dose-response
]ationship by race based on large numbers of black and white

hjects. Our results indicate that both the magnitude of
puncreas cancer risk associated with cigarette smoking and the
prevalence of smoking are similar in blacks and whites. Thus,
cigarette smoking appears to explain little of the observed ex-
cess in pancreas cancer risk experienced by blacks. This excess,
however, may be due to other purative risk factors, such as al-
cohol consumption. and/or racial differences in genetic suscep-
tibility.

Because of its public health implications. the effect of quit-

2 smoking on pancreas cancer risk is important to understand.
Many studies have estimated risk for former and current
smokers, but few studies have estimated risk by number of years
quit smoking. Former smokers usually experience lower risk of
pancreas cancer than current smokers (26). We observed ORs of
1.4 (95% CI = 1.1-1.9) for former smokers and 2.0 (95% Cl =
1.5-2.6) for current smokers.

We also observed a negative trend in risk of pancreas cancer

‘h increasing years of cessation of smoking. This finding is
consistent with results of previous studies (/7.16,20,29) that es-
Umated risk by duration of abstinence. In the present study.
smokers who quit for more than 10 years experienced about a
30% reduction in risk relative to current smokers; quitters of 10
years or less experienced no risk reduction. The delayed reduc-
tion in risk supports results of a large. population-based, case—
control study conducted in Los Angeles (//) but contrasts with

1ts of case—control studies in Toronto (20) and Washington

- € (16) that show a decline in risk within the first 10 years of
smoking cessation. In view of the disparity in these findings, it
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is unclear whether cigarette smoking acts at a late stage in pan-
creatic carcinogenesis or whether the beneficial effect of quit-
ting is simply due to a reduction in the total duration smoked.

Findings from five previous studies (/7./6./7,20.29) indicate
that risk of pancreas cancer among long-term quitters reverts to
the level of risk experienced by nonsmokers after 10-20 vears of
abstinence. Results from four of these studies (/6.77.719.20)
were. however. based largely on interviews with next of kin of
case patients, and the accuracy of recall of vears quit by next of
kin of subjects who quit smoking many vears earlier is ques-
tionable. Our findings suggest that risk is greatly reduced among
long-term quitters: those who quit for more than 20 vears ex-
perienced a small. nonsignificant elevation in risk compared
with that of nonsmokers (OR = 1.3: 95% CI = 0.8-1.9). There
were too few smokers who quit for more than 30 years to deter-
mine whether risk eventually returns to the level of risk of non-
smokers or whether some irreversible damage to the pancreas
occurs.

We also found that switching from filtered to nonfiltered
cigarettes did not reduce risk of pancreas cancer. In fact, ORs by
duration smoked filtered cigarettes were similar to ORs by dura-
tion smoked nonfiltered cigarettes. Only three previous studies
(/7.19.20) have examined risk by tvpe of cigarette smoked. Our
finding 1s consistent with that of the Toronto study (20),
whereas studies conducted in Quebec (/9) and The Netherlands
(/7). with the same study design as that of the Toronto study.
found that risk associated with smoking nonfiltered cigarettes
was higher than that associated with smoking filtered cigarettes.
Given the sparsity of data regarding the effects of filtration, it is
difficult to interpret these results. Because filtered cigarettes
were smoked more recently than nonfiltered cigarettes, informa-
tion on duration smoked nonfiltered cigarettes is more prone to
misclassification than information on duration smoked filtered
cigarettes, diluting the ORs for nonfiltered cigarettes more than
those for filtered cigareties. Case—control studies of other smok-
ing-related sites, however, have detected reduced risks asso-
ciated with filtered cigarettes, suggesting that misclassification
may not be a serious problem. Alternatively, perhaps filtration
offers little or no protection against the pancreatic carcinogen
contained in cigarette smoke. Additional studies are needed to
clarify the effects of filtration.

In summary, the relationship between cigarette smoking and
risk of pancreas cancer is likely to be causal. despite the weak-
ness of the dose-response data. Long-term smoking cessation
clearly reduces risk, whereas switching from nonfiltered to fil-

“tered cigarettes may not be beneficial. Cigarette smoking ap-

pears to explain little of the excess risk of pancreas cancer
experienced by blacks. From a public health perspective, we es-
timate that elimination of cigarette smoking would eventually
prevent approximately 27% of pancreas cancer, saving 6750
lives in the United States each vear.
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